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(54) Hybrid type vehicle drive control apparatus and method and program thereof 



(57) A hybrid type vehicle drive control apparatus 
has: a generator; a generator Inverter for driving the 
generator; a drive motor, a drive motor inverter for driv- 
ing the drive motor; a battery connected to the generator 
inverter and the drive motor inverter; first voltage detec- 
tion means for detecting a voltage applied to the gener- 
ator inverter; second voltage detection means for de- 
tecting a voltage applied to the drive motor inverter; third 



voltage detection means for detecting a battery voltage; 
and system voltage determination processing means for 
determining a system voltage based on detection re- 
sults provided by the first to third voltage detection 
means. Even if the voltage information from any one of 
the voltage detection means has a detection abnormal- 
ity, the apparatus is able to determine the system volt- 
age based on the detection results provided by each 
voltage detection means. 



FIG.1 



1 6 







GENERATOR 


S 



75 



GENERATOR INVERTER 
SENSOR 



CM 
< 

CM 
CO 

If) 

T - 

00 
CM 



Q. 
Ill 




25 



DRIVE 
MOTOR 



7 c DRIVE MOTOR 
' ° INvOTER SENSOR 



7 2 BATTERY VOLT ACS 
SENSOR 



SYSTEM VOLTAGE 
DETERMINATION 
PROCESSING 
MEANS 



-^9 1 



Printed by Jowe, 75001 PARIS (FR) 



tfSDOCfD: <EP 12B1562A2_I_> 



EP 1 281 562 A2 

Description 

BACKGROUND OF THE INVENTION 
1 . Held of the Invention 
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2. Description of the Related Art 

voZe of^ b^Z^ThT V6hi ? e driVe aPParatUS ' 3 V0,ta ° e sensor is dis P°** detecting the 

SUMMARY OF THE INVENTION 

voitage appSed to MtoSS * ! ' ""^ f irSt VOltage detection means for detecting a 

[001 1, A still further hybrid type vehicle drive control apparatus In accordance with the invention may further include 
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a planetary gear unit having at least first to third gear elements, wherein the first gear element is mechanically connected 
to the electric generator, and the second gear element is mechanically connected to the drive motor, and the third gear 
element is mechanically connected to the engine. 

[001 2] A hybrid type vehicle drive control method in accordance with the invention is applied to a hybrid type vehicle 
5 drive apparatus that includes: an electric generator that generates an electric power by driving an engine; an electric 
generator inverter for driving the electric generator; a drive motor that drives a hybrid type vehicle; and a drive motor 
inverter for driving the drive motor; and a battery connected to the electric generator inverterand the drive motor inverter. 
[0013] In the hybrid type vehicle drive control method, a voltage applied to the electric generator inverter is detected 
by first voltage detection means, and a voltage applied to the drive motor inverter is detected by second voltage de- 
10 tection means, and a battery voltage is detected by third voltage detection means, and a system voltage is determined 
based on detection results provided by the first to third voltage detection means. 

[0014] A program of a hybrid type vehicle drive control method in accordance with the invention causes a computer 
to function as: first voltage detection means for detecting a voltage applied to an electric generator inverter; second 
voltage detection means for detecting a voltage applied to a drive motor inverter; third voltage detection means for 
15 detecting a battery voltage; and system voltage determination processing means for determining a system voltage 
based on detection results provided by the first to third voltage detection means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 [0015] The foregoing and further objects, features and advantages of the invention will become apparent from the 
following description of preferred embodiments with reference to the accompanying drawings, wherein like numerals 
are used to represent like elements and wherein: 

[0016] FIG. 1 is a functional block diagram of a hybrid type vehicle drive control apparatus in a first embodiment of 
the invention; 

25 [0017] FIG. 2 is a conceptual diagram of a hybrid type vehicle in the first embodiment of the invention; 

[0018] FIG. 3 is a diagram illustrating an operation of a planetary gear unit in the first embodiment of the invention; 
[0019] FIG. 4 is a vehicle speed diagram for a normal run in the first embodiment of the invention; 
[0020] FIG. 5 is a torque diagram for a normal run in the first embodiment of the invention; 

[0021] FIG. 6 is a conceptual diagram illustrating a hybrid type vehicle drive control apparatus in the first embodiment 
30 of the invention; 

[0022] FIG. 7 is a first main flowchart illustrating an operation of the hybrid type vehicle drive control apparatus in 
the first embodiment of the invention; 

[0023] FIG. 8 is a second main flowchart illustrating an operation of the hybrid type vehicle drive control apparatus 
in the first embodiment of the invention; 
35 [0024] FIG. 9 is a third main flowchart illustrating an operation of the hybrid type vehicle drive control apparatus in 
the first embodiment of the invention; 

[0025] FIG. 1 0 is a diagram indicating a first vehicle- requested torque map in the first embodiment of the invention; 
[0026] FIG. 11 is a diagram indicating a second veh tele-requested torque map in thefirst embodiment of the invention; 
[0027] FIG. 12 is a diagram illustrating a target engine operation state map in the first embodiment of the invention; 
40 [0028] FIG. 13 is a diagram indicating an engine drive region map in the first embodiment of the invention; 

[0029] FIG. 14 is a chart illustrating a sub-routine of a system voltage determination process in the first embodiment 
of the invention; 

[0030] FIG. 1 5 Is a chart illustrating a sub-routine of a rapid acceleration control process in the first embodiment of 
the invention; 

45 [0031] FIG. 16 is a chart illustrating a sub-routine of a drive motor control process in the first embodiment of the 
invention; 

[0032] FIG. 17 is a chart illustrating a sub-routine of a generator torque control process in the first embodiment of 
the invention; 

[0033] FIG. 1 8 is a chart illustrating a sub-routine of an engine startup control process in the first embodiment of the 
so invention; 

[0034] FIG. 1 9 is a chart illustrating a sub-routine of a generator rotation speed control process in the first embodiment 
of the invention; 

[0035] FIG. 20 is a diagram indicating a generator torque restriction map in the first embodiment of the invention; 
[0036] FIG. 21 is a chart illustrating a sub-routine of an engine stop control process in the first embodiment of the 
55 invention; 

[0037] FIG. 22 is a chart illustrating a sub-routine of a generator brake engagement control process in the first em- 
bodiment of the invention; 

[0038] FIG. 23 is a chart illustrating a sub-routine of a generator brake release control process in the first embodiment 
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of the invention; and 

[0039] FIG. 24 is a chart illustrating a sub-routine of a system voltage determination process in a second embodiment 
of the invention. 

5 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0040] Embodiments of the invention will be described in detail hereinafter with reference to the drawings 
[0041] FIG. 1 is a function block diagram of a hybrid type vehicle drive control apparatus in accordance with a first 
embodiment of the invention. 

"> [0042] Shown in FIG. 1 are: a generator 1 6 for generating electric power by driving an engine that is not shown; an 
inverter 28 as a generator inverter for driving the generator 16; a drive motor 25 that drives a hybrid type vehicle- an 
inverter 29 as a drive motor inverter for driving the drive motor 25; a battery 43 connected to the inverters 28, 29- a 
generator inverter sensor 75 as a first voltage detection means for detecting the voltage applied to the generator 
inverter; a drive motor inverter sensor 76 as a second voltage detection means for detecting the voltage applied to the 
dnve motor inverter; a battery voltage sensor 72 as a third voltage detection means for detecting the battery voltage- 
a system voltage determination processing means 91 for determining a system voltage based on results of detection 
by the generator Inverter sensor 75, the drive motor inverter sensor 76 and the battery voltage sensor 72 

o! 6 " 2 ' S 3 conceptual diaaram of a hybrid type vehicle in accordance with the first embodiment of the invention. 
[0044] Shown in FIG. 2 are: an engine (E/G) 11 disposed on afirst axis; an output shaft 12 that is disposed on the 
first axis and that outputs rotation provided by driving the engine 11 ; a planetary gear unit 13 as a differential gear 
! V « h T B 1 B d,sposed on the first 3x18 and tnat changes the speed of rotation input via the output shaft 12; an output 
shaft 14 that is disposed on the first axis and that outputs speed-changed rotation from the planetary gear unit 13; a 
first counter drive gear 15 as an output aear fixed to the outmit shaft iA.- anH 

the first axis, and is connected to the planetary gear unit 13 via a transfer shaft 17, and is mechanically connected to 
rnL^ 91 "! S feShi0n a,,owin 9 differential rotation, and that generates power through the drive of the engine 11 
[0045] The output shaft 1 4 has a sleeve-like shape, and is disposed surrounding the output shaft 1 2. The first counter 
dnve gear 15 is disposed at an engine 11 -side of the planetary gear unit 13. 

[0046] The planetary gear unit 1 3 has at least a sun gear S as a first gear element, pinions P meshing with the sun 
gear s a nng gear R as a second gear element that meshes with the pinions P, and a carrier CR as a third gear element 
that rotatably supports the pinions P. The sun gear S is mechanically connected to the generator 16 via the transfer 
shaft I^The nng gear R is mechanically connected, via the output shaft 14 and a predetermined geartraln, to a drive 
wheel 37 and a drive motor (M) 25 as a second electric motor for driving the hybrid type vehicle which are disposed 
on second axes parallel to the first axis, and which are mechanically connected to the engine 1 1 and the generator 1 6 
"iVfo r 9 differential rotation - camer CR is mechanically connected to the engine 11 via the output 

shaft 1 2. A one-way clutch F is disposed between the carrier CR and acase 1 0 of the hybrid type vehicle drive apparatus 
The one-way clutch F becomes free when forward rotation of the engine 11 is transferred to the carrier CR When 
reverse rotation from the generator 1 6 or the drive motor 25 is transferred to the earner CR, the one-way clutch F is 
locked so as to prevent transfer of the reverse rotation to the engine 11. 

[0047] Furthermore, the generator 16 is made up of a rotor 21 that is fixed to the transfer shaft 17 and is rotatably 
disposed, a stator 22 disposed around the rotor 21 , and coils 23 wound on the stator 22. The generator 1 6 generates 
electnc power from rotation transferred thereto via the transfer shaft 1 7. The coils 23 are connected to a battery that 
is not shown, and supply DC current to the battery. A generator brake B is disposed between the rotor 21 and the case 
rnL« e "? ag,ng the generator brake B, the rotor 21 can be fixed to mechanically stop rotation of the generator 1 6 
[0048] Reference numeral 26 represents an output shaft disposed on the second axis. Via the output shaft 26 rotation 
of the dnve motor 25 is output. Reference numeral 27 represents a second counter drive gear as an output gear fixed 
to the output shaft 26. The drive motor 25 is made up of a rotor 40 fixed to the output shaft 26 and rotatably disposed 
a stator 41 provided around the rotor 40, and coils 42 wound on the stator 41 . 

f? 049 !, driVe m ° t0r 25 9enerates dnVe motor tor q u e TM from electric current supplied to the coils 42. Therefore 
so to th^coiiri' 6 C ° nneCted t0 the battery - DC current from the cattery is converted into AC current, which is supplied 

fl)050] In order to rotate the drive wheels 37 in the same rotational direction as the engine 11 , a counter shaft 30 is 
disposed on a third axis parallel to the first and second axes. A first counter driven gear 31 , and a second counter 
driven gear 32 having more teeth than the first counter driven gear31 are fixed to the counter shaft 30. The first counter 
driven gear 31 and the first counter drive gear 15 are meshed with each other, and the second counter driven gear 32 
and the second counter drive gear 27 are meshed with each other. Therefore, rotation of the first counter drive gear 
15 is reversed when transferred to the first counter driven gear 31 , and rotation of the second counter drive gear 27 is 
reversed when transferred to the second counter driven gear 32. 

[0051] Furthermore, a differential pinion gear 33 having fewer teeth than the first counter driven gear 31 is fixed to 
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the counter shaft 30. 

[0052] A differential device 36 is disposed on a fourth axis parallel to the first to third axes. A differential ring gear 
35 of the differential device 36 is meshed with the differential pinion gear 33. Therefore, rotation transferred to the 
differential ring gear 35 is distributed and transferred to the drive wheels 37 by the differential device 36. Thus, rotation 
* produced by the engine 11 can be transferred to the first counter driven gear 31. Furthermore, rotation produced by 
the drive motor 25 can be transferred to the second counter driven gear 32. Therefore, by driving the engine 11 and 
the drive motor 25, the hybrid type vehicle can be run. 

[0053] Reference numeral 36 represents a generator rotor position sensor, such as a resolver or the like, for detecting 
the position of the rotor 21 , that is, the generator rotor position 6G. Reference numeral 39 represents a drive motor 
10 rotor position sensor, such as a resolver or the like, for detecting the position of the rotor 40, that is, the drive motor 
rotor position 6M. 

[0054] By computing a rate of change A6G of the generator rotor position GG, it is possible to compute the generator 
rotation speed NG. By computing a rate of change A8M of the drive motor rotor position 9M, it is possible to compute 
the rotation speed of the drive motor 25, that is, the drive motor rotation speed NM. Furthermore, the vehicle speed V 

15 can be computed based on the rate of change ABM, and the gear ratio yV of a torque transfer system from the output 
shaft 26 to the drive wheels 37. The generator rotor position 6G corresponds to the generator rotation speed NG, and 
the drive motor rotor position 6M corresponds to the drive motor rotation speed NM. Therefore, it is possible to cause 
the generator rotor position sensor 38 to function as a generator rotation speed detection means for detecting the 
generator rotation speed NG, and cause the drive motor rotor position sensor 39 to function as a drive motor rotation 

20 speed detection means for detecting the drive motor rotation speed NM and as a vehicle speed detection means for 
detecting the vehicle speed V. 

[0055] Next described will be operation of the planetary gear unit 13. 

[0056] FIG. 3 is a diagram illustrating the operation of the planetary gear unit in accordance with the first embodiment 
of the invention. FIG. 4 is a vehicle speed diagram for a normal run of the vehicle in accordance with the first embodiment 

25 of the invention. FIG. 5 is a torque diagram for a normal run in accordance with the first embodiment of the invention. 
[0057] As shown in FIGS. 2 and 3, in the planetary gear unit 13 (FIG. 2), the carrier CR is connected to the engine 
11 , and the sun gear S is connected to the generator 1 6. Furthermore, the ring gear R is connected to the drive motor 
25 and the drive wheels 37 via the output shaft 14. Therefore, the rotation speed of the ring gear R, that is, the ring 
gear rotation speed NR, equals the rotation speed output to the output shaft 1 4, that is, the output shaft rotation speed. 

30 The rotation speed of the carrier CR equals the rotation speed of the engine 11 , that is, the engine rotation speed NE. 
The rotation speed of the sun gear S equals the generator rotation speed NG. Then, if the number of teeth of the ring 
gear R is set at p times (two times in this embodiment) the number of teeth of the sun gear S, the following relationship 
holds: 

(p +1)*NE= 1»NG+ p*NR 

[0058] Therefore, the engine rotation speed NE can be computed from the ring gear rotation speed NR and the 
generator rotation speed NG as follows: 

40 

NE = (1-NG + p»NR)/(p + 1) (1) 

[0059] Equation (1) forms a rotation speed relational expression regarding the planetary gear unit 13. 
45 [0060] The engine torque TE, the torque produced on the ring gear R, that is, the ring gear torque TR, and the 
generator torque TG have the following relationship: 

TE:TR:TG = (p + 1):p:1 (2) 

50 

[0061] Thus, the engine, the ring gear R and the generator receive reaction forces from one another. 
[0062] During an ordinary run of the hybrid type vehicle, the ring gear R, the carrier CR and the sun gear S are 
rotated in a positive direction, and the ring gear rotation speed NR, the engine rotation speed NE and the generator 
rotation speed NG assume positive values as indicated in FIG. 4. The ring gear torque TR and the generator torque 
55 TG are acquired by splitting the engine torque TE at a torque ratio that is determined by the number of teeth of the 
planetary gear unit 13. Therefore, in the torque diagram of FIG. 5, the engine torque TE is the sum of the ring gear 
torque TR and the generator torque TG. 

[0063] Next described will be a hybrid type vehicle drive control apparatus and a hybrid type vehicle drive control 
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method for controlling the hybrid type vehicle drive apparatus. 

10064] FIG. 6 is a conceptual diagram illustrating a hybrid type vehicle drive control apparatus in accordance with 
the first embodiment of the invention. 

« L 0 ? 65 ,, , FIG ' 6 Sh ° WS: 8 CaSe 1 ° : a " enginG 1 1 {E/G > ; a P |aneta, V 9ear unit 1 3; a generator (G) 1 6; a generator brake 
for f,x,n 9 a rotor 21 of generator 1 6; a drive motor (M) 25; an Inverter 28 as a generator inverter for driving the 
generator 1 6; an inverter 29 as a drive motor inverterfor driving the drive motor 25; a drive wheel 37; a generator rotor 
position sensor 38; a drive motor rotor position sensor 39; and a battery 43. The inverters 28, 29 are connected to the 
battery 43 via a power supply switch SW. When the power supply switch SW is on, the battery 43 sends DC current 
to the inverters 28, 29. Disposed at an input side of the inverter 28 is a generator inverter sensor 75 as a first voltage 
detection means for detecting the DC voltage applied to the inverter 28, that is, the generator inverter voltage VG 
Disposed at an input side of the inverter 29 is a drive motor inverter sensor 76 as a second voltage detection means 
for detecting the DC voltage applied to the inverter 29, that is, the drive motor inverter voltage VM. The generator 
inverter voltage VG and the drive motor inverter voltage VM are sent to a generator control device47 and a drive motor 
« l£2E» 06 49 ' res P ectivelv - A smoothing capacitor C is connected between the battery 43 and the inverter 29 

[0066] A vehicle control device 51 is a computer that is made up of a not-shown CPU, a recording device etc and 
that performs overall control of the hybrid type vehicle. The vehicle control device 51 includes an engine control device 
46 a generator control device 47, and a drive motor control device 49. The engine control device 46 is made up of a 
not-shown CPU, a recording device, etc., and sends instruction signals regarding the degree of throttle opening 8 the 
valve timing, etc.. to the engine 11 in order to control the engine 11 . The generator control device 47 is made up of a 
not-shown CPU, a recording device, etc.. and sends adrive signal SG1 to the inverter 28 in order to control the generator 
16. The dnve motor control device 49 is made up of a not-shown CPU, a recording device, etc.. and sends a drive 
signal SG2 to the inverter 29 in order to control the drive motor 25. 

[0067] The inverter 28 is driven in accordance with the drive signal SGI . At the time of powering (drivin^ the inverter 
28 receives DC current from the battery 43, and generates phase currents, that is. currents ^ IGU, IGV 'iGW ofa U- 
phase a V-phase and a W-phase, and sends the currents IGU, IGV. IGW of the phases to the generator 16 At the 
time of regeneration (electric power generation), the inverter 28 receives the currents IGU, IGV, IGW. and generates 
DC currents, and sends the currents to the battery 43. 

[0068] The inverter 29 is driven in accordance with the drive signal SG2. At the time of powering, the inverter 29 
receives DC current from the battery 43, and generates currents IMU. IMV, IMW of a U-phase, a V-phase and a W- 
phase. and sends the currents IMU, IMV, IMW of the phases to the drive motor 25. At the time of regeneration the 
Ztlf 2 f re ° eiVeS *™ CUrrentS ,MU ' ' MV ' IMW> and 9 enerate s DC currents, and sends the cunents to the battery 43 
™ 1 I * snown are: a batterv remaining amount detecting device 44 that detects a battery remaining amount 
SOC as the state of the battery 43, that is, the battery state; an engine rotation speed sensor 52 that detects the engine 
rotation speed NE; a shift position sensor 53 as a speed selection operating means for detecting the position of a not- 
shown shift lever, that is, the shift position SP; an accelerator pedal 54; an accelerator switch 55 as an accelerator 
operation detection means for detecting the position (amount of depression) of the accelerator pedal 54 that is the 
accelerator pedal position AP; a brake pedal 61 ; a brake switch 62 as a brake operation detection means for detecting 
the position (amount of depression) of the brake pedal 61 , that is, the brake pedal position BP; an engine temperature 
sensor 63 that detects the temperature tmE of the engine 11 ; a generator temperature sensor 64 that detects the 
temperature of the generator 1 6, for example, the temperature tmG of the coils 23 (FIG. 2); and a drive motor temper- 
ature sensor 65 that detects the temperature of the drive motor 25, for example, the temperature of the coils 42 
[0070] Still further shown are current sensors 66 to 69 that detects the currents IGU, IGV, IMU, IMV. respectively 
and a battery voltage sensor 72 as a third voltage detection means for detecting the battery voltage VB as the battery 
state The battery voltage VB is sent to the generator control device 47, the drive motor control device 49 and the 
vehicle control device 51 . As a battery state, it is possible to detect battery current, battery temperature, etc. Battery 
state detection means is formed by the battery remaining amount detecting device 44. the battery voltage sensor 72 
a not-shown battery current sensor, a not-shown battery temperature sensor, etc. The battery voltage VB, the generator 

IHEUr V ° VG and thS dliVe m0t0r inverter voltage VM iom I*** «ret to third voltage information pieces 
[0071] The vehicle control device 51 sets the driving and stopping of the engine 11 by sending an engine control 
signal to the eng.ne control device 46. and computes the generator rotation speed NG by reading the generator rotor 
position 9G, and computes the drive motor rotation speed NM by reading the drive motor rotor position OM, and com- 
putes the engine rotation speed NE using the rotation speed relational expression, and sets in the engine control device 
46 a target engine rotation speed NE* that represents a target value of the engine rotation speed NE. and sets in the 
generator control device 47 a target generator rotation speed NG* that represents a target value of the generator 
rotation speed NG. and a target generator torque TG* that represents a target value of the generator torque TG and 
sets in the dnve motor control device 49 a target drive motor torque TM*that represents a target value of the drive 
motor torque TM, and a drive motor torque corrected value STM that represents a corrected value of the drive motor 
torque TM. 
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[0072] Therefore, a not-shown generator rotation speed computation processing means of the vehicle control device 
51 reads the generator rotor position 8G, and computes the generator rotation speed NG. A not-shown drive motor 
rotation speed computation processing means of the vehicle control device 51 reads the drive motor rotor position 6M, 
and computes the drive motor rotation speed NM. A not-shown engine rotation speed computation processing means 

s of the vehicle control device 51 computes the engine rotation speed NE using the rotation speed relational expression. 
The generator rotation speed computation processing means, the drive motor rotation speed computation processing 
means, and the engine rotation speed computation processing means function as the generator rotation speed detec- 
tion means, the drive motor rotation speed detection means, and the engine rotation speed detection means for de- 
tecting the generator rotation speed NG, the drive motor rotation speed NM, and the engine rotation speed NE. 

10 [0073] Although in this embodiment, the engine rotation speed NE is computed by the vehicle control device 51 , it 
is also possible to read the engine rotation speed NE from the engine rotation speed sensor 52. Furthermore, although 
in the embodiment, the vehicle speed V is computed from the drive motor rotor position GM, it is also possible to compute 
the vehicle speed V from the ring gear rotation speed NR, or compute the vehicle speed V from the rotation speed of 
the drive wheels 37, that is, the drive wheel rotation speed. In that case, a ring gear rotation speed sensor, a drive 

15 wheel rotation speed sensor, etc., may be provided as vehicle speed detection means. 

[0074] Next described will be operation of the hybrid type vehicle drive control apparatus constructed as described 
above. 

[0075] FIG. 7 is a first main flowchart illustrating an operation of the hybrid type vehicle drive control apparatus in 
the first embodiment of the invention. FIG. 8 is a second main flowchart illustrating an operation of the hybrid type 

20 vehicle drive control apparatus in the first embodiment of the invention. FIG. 9 is a third main flowchart illustrating an 
operation of the hybrid type vehicle drive control apparatus in the first embodiment of the invention. FIG. 1 0 is a diagram 
indicating a first vehicle-requested torque map in the first embodiment of the invention. FIG. 11 is a diagram indicating 
a second vehicle-requested torque map in the first embodiment of the invention. FIG. 12 is a diagram illustrating a 
target engine operation state map in the first embodiment of the invention. FIG. 13 is a diagram indicating an engine 

25 drive region map in the first embodiment of the invention. In FIGS. 10, 11 and 13, the horizontal axis indicates the 
vehicle speed V, and the vertical axis indicates the vehicle-requested torque TO*. In FIG. 1 2, the horizontal axis indi- 
cates the engine rotation speed NE, and the vertical axis indicates the engine torque TE. 

[0076] First, the system voltage determination processing means 91 (FIG. 1) of the vehicle control device 51 (FIG. 
6) performs a system voltage determining process to determine a system voltage Vsys based on the battery voltage 

30 VB, the generator inverter voltage VG and the drive motor inverter voltage VM. Next, the not-shown vehicle-requested 
torque determination processing means of the vehicle control device 51 performs a vehicle-requested torque deter- 
mining process. That is, the vehicle-requested torque determination processing means reads the accelerator pedal 
position AP from the accelerator switch 55, and the brake pedal position BP from the brake switch 62, and reads the 
drive motor rotor position 8M from the drive motor rotor position sensor 39, and computes the vehicle speed V. The 

35 means determines a vehicle-requested torque TO* needed to run the hybrid type vehicle which is pre-set corresponding 
to the accelerator pedal position AP, the brake pedal position BP and the vehicle speed V, by referring to the first 
vehicle-requested torque map of FIG. 1 0 recorded in a recording device of the vehicle control device 51 if the accelerator 
pedal 54 is depressed, and by referring to the second vehicle-requested torque map of FIG. 1 1 recorded in the recording 
device if the brake pedal 61 is depressed. 

40 [0077] Subsequently, the vehicle control device 51 determines whether the vehicle-requested torque TO* is greater 
than a maximum drive motor torque TMmax that is pre-set as a rated torque of the drive motor 25. If the vehicle- 
requested torque TO* is greaterthan the maximum drive motor torque TMmax, the vehicle control device 51 determines 
whether the engine 11 is at a stop. If the engine 11 is at a stop, a not-shown rapid acceleration control processing 
means of the vehicle control device 51 performs a rapid acceleration control process, in which the means drives the 

^5 drive motor 25 and the generator 16 to run the hybrid type vehicle. 

[0078] If the vehicle-requested torque TO* is not greater than the maximum drive motor torque TMmax, or if the 
vehicle-requested torque TO* is greater than the maximum drive motor torque TMmax and the engine 1 1 is in operation, 
a not-shown driver-requested output computation processing means of the vehicle control device 51 performs a driver- 
requested output computing process, in which the vehicle-requested torque TO* Is multiplied by the vehicle speed V 

50 to determine a driver-requested output PD: 

PD=TO*»V 

55 [0079] Next, a not-shown battery charge-discharge requested output computation processing means of the vehicle 
control device 51 performs a battery charge-discharge requested output computing process, in which the battery re- 
maining amount SOC is read from the battery remaining amount detecting device 44, and a battery charge-discharge 
requested output PB is computed from the battery remaining amount SOC. 
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[0080] Subsequently, a not-shown vehicle-requested output computation processing means of the vehicle control 
device 51 performs a vehfele-requested output computing process, in which the predetermined drive-requested output 
PD is added to the battery charge-discharge requested output PB to determine a vehicle-requested output PO 



PO = PD + PB 



[0081] Subsequently, a not-shown target engine operation state setting processing means of the vehicle control 
device 51 Performs a target engine operation state setting process. That is, referring to the target engine operation 

d21 e r^nl°L ?' 1? in reCOrdin9 deViCe> the ter96t engine °P eration state setti "9 Processing means 

deterrnmes po nts A1 to A3, Am of mtersection of lines POI to P03 indicating the vehicle-requested output PO with 

TJS TV ^T^"™ L WhSre thS effictenc y of the engine « becomes highest at each of the accelerator 
^nnl P ^!? n x^7 If^ ° Perati0n P ° intS ° f the en 9 ine 11 indicatin 9 target engine operation state. The 
H2^f S ♦ 1,11 7f ' at operation P° int is determined as a target engine torque TE* . The engine rotation 
speed NE1 to NE3 at the operation point is determined as a target engine rotation speed NE* 
[0082] Then the vehicle control device 51 determines whether the engine 1 1 is in a drive region AR1 , by referring 
ISA? re 9 |0 " ma P of F| G- 13 recorded in the recording device. In FIG. 13, AR1 represents a drive region 
in , which the engine 11 is driven, and AR2 represents a stop region in which the driving of the engine 11 is stopped 
k re P res «" ts a hysteresis region. Furthermore. LE1 represents a line on which the engine 11 in a stopped state 

is driven, and LE2 represents a line on which the engine 11 in a driven state is stopped being driven. As the battery 
remaining amount SOC increases, the line LE1 is shifted rightward in FIG. 13 so as to reduce the driven region AR1 
As the battery remaining amount SOC decreases, the line LE1 is shifted leftward in FIG. 13 so as to increase the drive 
rsgion An 1 . 

2H2 ' f 6n9ine 11 iS " 0t driVen alth ° Ugh the engine 11 is in the drive re 9 ion AR 1 ■ a not-shown engine startup 

222 ? i°^ Sin9 mean f.°/ f VehiC ' e C ° ntro1 deViCS 51 Perf0rms an en 9' ne startu P control P^ss to start up the 
engine 11. If the engine 11 is driven although the engine 11 is not in the drive region AR1, a not-shown engine stop 

S?S?lE2^' n 2 T*™ *« « V6hiC,e COntr ° l d6ViCe 51 perforTns an en 9' ne stop control process to stop the driving 
mlr?Z,^l i . ngme11 lsnotinthe drive region AR1 and the engine 1 1 is at a stop, a not-shown target drive 
^Ll?nT deterTT1,nat,on Pressing means of the vehicle control device 51 performs a target drive motor torque 
determination process, in which the vehicle-requested torque TO is determined as a target drive motor torque TM* 
^«to S iT dnvamotorcontro1 Processing means of the vehicle control device51 performs a drive motor control 
tSZZfJZ? f T B COntr0 ' 0tthe driVe m ° tor25 - a result ' the hybrid type vehicle is run In amotor drive mode 
e " 9 f i thS drtVe re9 '° n AR1 and the englne 11 is beln 9 driven - a not-shown engine control 
^^^^T^^S^^ ^ 46 Perf0rmS " Sn9ine C ° ntr °' WhiCh the e " gine 11 is 

[0085] Next, the generator rotation speed computation processing means of the vehicle control device 51 performs 
the generator rotation speed computation process, in which the drive motor rotor position 6M is read, and a ring gear 
Z£ C ° ri mPUted ° n thS drive m0tor rotor P° sition 6M and 9ear ratio yR of a portion from the 

«rJ?J «1» 9 ? Br R ' The tar9et ° ngine rotation s P eed NE * determined in the target engine operation 

2Sr i 9 Pr ° Ce f S K,o read ' 30(1 a tBrgeX generator rotation speed NG* is computed and determined from the ring 

mn^T £k SPeS * 8 Q tar9et en9ine rotation speed NE * ^ usin g the rotatton s Peed relational expression 
9enerator rotation speed NG is low during a run of the hybrid type vehicle in a motor-engine drive mode, 

SntJST !Tr t C r S , U T ,0n beC ° meS 9reat 8nd thS e,6Ctric power generating efficiency of the generator 16 be- 
!°Tf T f ! economy of the hybrid type vehicle correspondingly deteriorates. Therefore, the absolute 

k lnnfn!!ft 9 h 9ener ? tor SP6ed NG * * leSS tnan a Predetermined rotation speed, the generator brake B 

is engaged to mechanically stop the generator 16. Thus, the fuel economy will improve 

£ ™ J* 1 !! 6 ' 0 ' 6, Vehi0le COntr ° l d6Vice 51 detemi ines whether the target generator rotation speed NG* is equal 
rnt fl 3?^ a ^ P ^ redetenTlinedfi rst rotation speed Nth1 (e.g., 500 [rpm]). If the absolute valueofthe target generator 
T^lt!^ T f Ua ' o ? 9reater than flrct rotation s P eed MM • the vehic,e ^ntrol device 51 determines 
Z^ZZSTTt 38 bee " re ' eaSed ' f the 9enerat0r brake B nas been re,eased - a not * how n generator 

orlc^to^SZft Pr0CeSS,n9 !"rr ° f thS VehiCle COntr ° l dBVice 51 perf0rms a gsnerator rotation SPeed control 
orakel EES? f^" 6 COntrD, ° f """^ 1 6 " " ** generator brake B is not released . a not-shown generator 
n T r T pro f assin 9 means of the vehicle control device 51 performs a generator brake release control 

process so as to release the generator brake B. 

ESJL tho i r a the t 9enerat0r ^ 0tat<0n Sp6ed COntrol procesSt a ter9et generator torque TG* is determined and, on the 

ITJ, r c in T " 6 9enerat0r t0rqUe TG iS COnverted int0 the rin 9 9 ear torque TR, and is output from the ring 
gear R since the engine torque TE, the ring gear torque TR, and the generator torque TG are affected by reacSon 
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forces from one another as mentioned above. 

[0089] As the ring gear torque TR is output from the ring gear R, the generator rotation speed NG fluctuates, and 
the ring gear torque TR fluctuates. The fluctuating ring gear torque TR is transferred to the drive wheels 37, so that 
the running feeling of the hybrid type vehicle deteriorates. Therefore, the ring gear torque TR is computed, taking into 
s account a torque corresponding to the Inertia of the generator 1 6 (inertia of the rotor 21 and a not-shown rotor shaft) 
involved in the fluctuations of the generator rotation speed NG. 

[0090] Therefore, a not-shown ring gear torque computation processing means of the vehicle control device 51 per- 
forms a ring gear torque computation process, in which the target generator torque TG* determined in the generator 
rotation speed control process is read, and a ring gear torque TR is computed based on the target generator torque 
10 TG*, and the ratio of the number of teeth of the ring gear R to the number of teeth of the sun gear S. 

[0091] That is, where the inertia of the generator 16 is expressed as InG and the angular acceleration (rotation 
change rate) of the generator 1 6 is expressed as aG, the sun gear torque TS applied to the sun gear S can be deter- 
mined by adding a torque equivalent component (inertia torque) TGI corresponding to the inertia InG: 

15 TGI = lnG»aG 

to the target generator torque TG* as in: 

20 

TS = TG* + TGI 

= TG* + InG'aG ...(3) 

25 

[0092] Normally, the value assumed by the torque equivalent component TGI during acceleration of the hybrid type 
vehicle is negative with respect to the accelerating direction. The value of the torque equivalent component TGI during 
deceleration is positive. Furthermore, the angular acceleration aG is computed by differentiating the generator rotation 
speed NG. 

30 [0093] If the number of teeth of the ring gear R is p times the number of teeth of the sun gear S, the ring gear torque 
TR is p times the sun gear torque TS, and therefore TR is expressed as: 



...(4) 



TR = p»TS 

= p*(TG* -f TGI) 
= p^(TG* + InG*aG) 



[0094] In this manner, the ring gear torque TR can be computed from the target generator torque TG* and the torque 
equivalent component TGI. 

[0095] Therefore, a not-shown drive shaft torque estimation processing means of the vehicle control device 51 per- 
forms a drive shaft torque estimation process, in which the torque of the output shaft 26 of the drive motor 25, that is, 
the drive shaft torque TR/OUT, is computed and estimated based on the target generator torque TG*, and the torque 
equivalent component TGI corresponding to the inertia InG of the generator 16. Therefore, the drive shaft torque es- 
timation processing means computes the drive shaft torque TR/OUT based on the ring gear torque TR, and the ratio 
of the number of teeth of the second counter drive gear 27 to the number of teeth of the ring gear R. 
[0096] If the generator brake B is engaged, the target generator torque TG* is set at zero (0), and therefore the ring 
gear torque TR has a proportional relationship with the engine torque TE. Therefore, the drive shaft torque estimation 
processing means reads the engine torque TE from the engine control device 46, and computes a ring gear torque TR 
from the engine torque TE using the aforementioned torque relational expression, and then estimates the drive shaft 
torque TR/OUT based on the ring gear torque TR, and the ratio of the number of teeth of the second counter drive 
gear 27 to the number of teeth of the ring gear R. 

[0097] Subsequently, the target drive motor torque determination processing means performs a target drive motor 
torque determination process, in which a surplus or shortfall of the drive shaft TR/OUT is determined as a target drive 
motor torque TM* by subtracting the drive shaft TR/OUT from the vehicle requested torque TO*. 
[0098] Then, a not-shown drive motor control processing means of the vehicle control device 51 performs a drive 
motor control process, in which a torque control of the drive motor 25 is performed based on an estimated drive shaft 
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TR/OUT, so as to control the drive motor torque TM. 

[0099] If the absolute value of the target generator rotation speed NG* is smaller than the first rotation speed Nth 1 

the vehicle control device 51 determines whetherthe generator brake B is engaged. If the generator brake B is engaged' 

the vehicle control device 51 ends the process. If the generator brake B is not engaged, a not-shown generator brake 

engagement control processing means of the vehicle control device 51 performs a generator brake engagement control 

process to engage the generator brake B. "" 

[0100] Next described will be the flowchart of FIGS. 7 to 9. 

[0101] Step S1 : A system voltage determination process is performed. 

[0102] Step S2: An accelerator pedal position AP and a brake pedal position BP are read 

[0103] Step S3: A vehicle speed V is computed. 

[0104] Step S4: A vehicle requested torque TO* is determined. 

[01 05] Step S5: It is determined whether the vehicle requested torque TO* is greater than the maximum drive motor 
torque TMmax. If the vehicle requested torque TO* is greaterthan the maximum drive motor torque TMmax, the process 
proceeds to step S6. If the vehicle requested torque TO* is not greater than the maximum drive motor torque TMmax 
the process proceeds to step S8. 

[01 06] Step S6: It is determined whether the engine 1 1 is at a stop. If the engine 1 1 is at a stop, the process proceeds 

to step S7. If the engine 1 1 is not at a stop (is being driven), the process proceeds to step S8. 

[0107] Step S7: A rapid acceleration control process is performed. After that, the process ends. 

[0108] Step SB: A driver requested output PD is computed. 

[0109] Step S9: A battery charge-discharge requested output PB is computed. 

[01 1 0] Step S1 0: A vehicle-requested output PO is computed. 

[0111] Step S11 : An operation point of the engine 11 is determined. 

[0112] Step S12: It is determined whether the enaine 11 i* jn th e Hriv* P ninn ach if n -u. 

region AR1 , the process proceeds to step S13. If the engine 11 is not in the drive region AR1 , the process proceeds 
to step S14. 

[0113] Step S13: It is determined whetherthe engine 11 is being driven. If the engine 11 is being driven, the process 
proceeds to step S1 7. If the engine 11 is not being driven, the process proceeds to step S1 5 

[0114] Step S14: It is determined whetherthe engine 11 is being driven. Iftheengine11 is being driven, the process 

proceeds to step S16. If the engine 11 is not being driven, the process proceeds to step S26. 

[0115] Step S15: An engine startup control process is performed. Afterthat, the process ends. 

[0116] Step S16: An engine stop control process is performed. Afterthat, the process ends. 

[01 1 7] Step S1 7: An engine control process is performed. 

[01 1 8] Step S1 8: A target generator rotation speed NG* is determined. 

[0119] Step S19: It is determined whether the absolute value of the target generator rotation speed NG* is equal to 

or greater than first rotation speed Nth1 . If the absolute value of the target generator rotation speed NG* is equal to 

or greater than the first rotation speed Nth1. the process proceeds to step S20. If the absolute value of the target 

generator rotation speed NG* is less than the first rotation speed Nth1 , the process proceeds to step S21 

[01 20] Step S20: It is determined whether the generator brake B has been released. If the generator brake B has 

been released, the process proceeds to step S23. IfthegeneratorbrakeBhas not been released, the process proceeds 
to step S24. 

[0121] Step S21 : It is determined whether the generator brake B has been engaged, if the generator brake B has 
rni e £»r 9 ' pTOcess ends> lf the generator brake B has not been engaged, the process proceeds to step S22. 
nw«oi S22: A g6nerator brake engagement control process is performed. After that, the process ends. 

[0123] Step S23: A generator rotation speed control process is performed. 

[01 24] Step S24: A generator brake release control process is performed. After that, the process ends 

[0125] Step S25: A drive shaft TR/OUT is estimated. 

[01 26] Step S26: A target drive motor torque TM* is determined. 

[01 27] Step S27: A drive motor control process is performed. After that, the process ends. 
[0128] Next described will be a sub-routine of the system voitage determination process of step S1 in FIG 7 
[01 29] FIG. 1 4 is a chart illustrating the sub-routine of the system voltage determination process in the first embod- 
iment of the invention. 

[0130] First, the system voltage determination processing means 91 reads the battery voltage VB, and reads the 
generator inverter voltage VG via the generator control device 47, and reads the drive motor inverter voitage VM via 
the dnve motor control device 49. Next, a not-shown detection abnormality determination processing means of the 
system voltage determination processing means 91 performs a detection abnormality determination process in which 
an abnormality determination regarding the battery voitage VB, the generator inverter voltage VG and the drive motor 
inverter voltage VM is performed based on a difference in voltage, that is, a differential voitage, between two of the 
battery voitage VB, the generator inverter voltage VG and the drive motor inverter voitage VM, which are results of 
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detection by the battery voltage sensor 72, the generator inverter sensor 75 and the drive motor inverter sensor 76. 
That is, in the detection abnormality determination process, it is determined whether the absolute value of the value 
obtained by subtracting the generator inverter voltage VG from the drive motor inverter voltage VM, that is, a first 
differential voltage AVmg: 

5 

AVmg = IVM - VGI 

is greater than a threshold value Vth1. 
10 [01 31 ] If the first differential voltage AVmg is greater than the threshold value Vth 1 , the detection abnormality deter- 
mination processing means determines whether the absolute value of the value obtained by subtracting the battery 
voltage VB from the generator inverter voltage VG, that is, a second differential voltage AVgb: 

15 AVgb = IVG - VBI 

is greater than a threshold value Vth2. If the second differential voltage AVgb is greater than the threshold value Vth2, 
the detection abnormality determination processing means determines that the generator inverter voltage VG is ab- 
normal. If the second differential voltage AVgb is less than or equal to the threshold value, the detection abnormality 

20 determination processing means determines that the drive motor inverter voltage VM is abnormal. 

[01 32] If the first differential voltage AVmg is less than or equal to the threshold value Vth1 , the detection abnormality 
determination processing means determines whether the second differential voltage AVgb is greaterthan the threshold 
value Vth2. If the second differential voltage AVgb is greater than the threshold value Vth2, the detection abnormality 
determination processing means determines that the battery voltage VB is abnormal. If the second differential voltage 

25 AVgb is less than or equal to the threshold value Vth2, the detection abnormality determination processing means 
determines that each of the battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage 
VM is normal. Although in this embodiment, the threshold values Vth1 and Vth2 are equal, the threshold values may 
be different from each other. 

[0133] If it is determined that the generator inverter voltage VG is abnormal, the system voltage determination 
30 processing means 91 sets the battery voltage VB or the drive motor inverter voltage VM as a system voltage Vsys. If 
it is determined that the drive motor inverter voltage VM is abnormal, the system voltage determination processing 
means 91 sets the battery voltage VB or the generator inverter voltage VG as a system voltage Vsys. If It is determined 
that the battery voltage VB is abnormal, the system voltage determination processing means 91 sets the generator 
inverter voltage VG or the drive motor inverter voltage VM as a system voltage Vsys. If each of the battery voltage VB, 
35 the generator inverter voltage VG and the drive motor inverter voltage VM is normal, the system voltage determination 
processing means 91 sets the battery voltage VB, the generator inverter voltage VG or the drive motor inverter voltage 
VM as a system voltage Vsys. 

[0134] Thus, it is possible to determine whether one of the battery voltage VB, the generator inverter voltage VG 
and the drive motor inverter voltage VM is abnormal based on a differential voltage between two of the three voltages. 

40 That is, if a detection abnormality occurs in any one of the battery voltage sensor 72, the generator inverter sensor 75 
and the drive motor inverter sensor 76, a system voltage Vsys can be determined based on normal voltages of the 
battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage VM. Therefore, it is possible 
to smoothly perform various drive controls, such as the torque control of the generator 1 6, the rotation speed control 
of the generator 16, the torque control of the drive motor 25, etc. 

45 [01 35] Next, the flowchart will be described. 

[0136] Step S1 -1 : The battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage 
VM are read. 

[0137] Step S1 -2: It is determined whether the first differential voltage AVmg is greaterthan the threshold value Vth1 . 
If the first differential voltage AVmg is greater than the threshold value Vth 1 , the process proceeds to step S1 -3. If the 

so first differential voltage AVmg is not greater than the threshold value Vth1 , the process proceeds to step S1 -4. 

[01 38] Step S1 -3: It is determined whether the second differential voltage AVgb is greater than the threshold value 
Vth2. If the second differential voltage AVgb is greater than the threshold value Vth2, the process proceeds to step 
S1 -5 If the second differential voltage AVgb is not greater than the threshold value Vth2, the process proceeds to step 
S1-7. * 

55 [0139] Step S1 -4: It is determined whether the second differential voltage AVgb is greater than the threshold value 
Vth2. If the second differential voltage AVgb is greater than the threshold value Vth2, the process proceeds to step 
S1 -9. If the second differential voltage AVgb is not greater than the threshold value Vth2, the process proceeds to step 
S1-11. 
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[0140] Step S1 -5: It is determined that the generator inverter voltage VG is abnormal. 

[01 41 ] Step S1 -6: The battery voltage VB or the drive motor inverter voltage VM is set as a system voltaqe Vsvs 
After that, the process ends. 

[0142] Step S1 -7: It is determined that the drive motor inverter voltage VM is abnormal. 

[01 43] Step S1 -8: The battery voltage VB or the generator inverter voltage VG is set as a system voltaqe Vsys After 
that, the process ends. 

[0144] Step S1 -9; It is determined that the battery voltage VB is abnormal. 

[0145] Step S1-10: The generator inverter voltage VG or the drive motor inverter voltage VM is set as a system 
voltage Vsys. After that, the process ends. 

[01 46] Step S 1 -1 1 : The battery voltage VB, the generator inverter voltage VG or the drive motor inverter voltage VM 
is set as a system voltage Vsys. After that, the process ends. 
[0147] Next described will be a sub-routine of the rapid acceleration control process of step S7 in FIG. 7. 
[0148] FIG. 15 is a chart illustrating the sub-routine of the rapid acceleration control process in the first embodiment 
of the invention. 

15 [01 49] First, the rapid acceleration control processing means reads the vehicle-requested torque TO* and sets the 
maximum drive motor torque TMmax as a target drive motor torque TM*. Subsequently, a target generator torque 
computation processing means of the rapid acceleration control processing means performs a target generator torque 
computation process, in which a differential torque AT between the vehicle-requested torque TO* and the target drive 
motor torque TM* is computed, and a shortfall of the maximum drive motor torque TMmax, which is the target drive 
motor torque TM*, is computed and determined as a target generator torque TG*. 
[0150] Then, the drive motor control processing means of the rapid acceleration control processing means performs 
a drive motor control process, in which the torque control of the drive motor 25 (FIG. 6) is performed based on the 
target dnve motor torque TM*. The generator torque control means of the rapid acceleration control processing means 
performs the generator torque control process, in which a torque control of the generator 1 6 is performed based on 
25 the generator torque TG. 

[01 51 ] Next, the flowchart will be described. 

[01 52] Step S7-1 : The vehicle-requested torque TO* is read 

[0153] Step S7-2: The maximum drive motor torque TMmax is set as a target drive motor torque TM*. 
[0154] Step S7-3: The target generator torque TG* is computed. 
[0155] Step S7-4: The drive motor control process is performed. 

[0156] Step S7-5: The generator torque control process is performed. The process then returns 

[0157] Next described will be a sub-routine of the drive motor control process of step S27 of FIG. 9 and Step S7-4 

Of FIG. 15. r 

[01 58] FIG. 1 6 is a chart illustrating the sub-routine of the drive motor control process in the first embodiment of the 
35 invention. 

[01591 First, the drive motor control processing means reads the target drive motor torque TM*, and reads the drive 
motor rotor position 6M. From the drive motor rotor position 6M. the drive motor control processing means computes 
a dnve motor rotation speed NM. Subsequently, the means reads the system voltage Vsys. Next, the drive motor control 
processing means determines a d-axis current instruction value IMd* and a q-axis current instruction value IMq* based 
on the target drive motor torque TM*, the drive motor rotation speed NM and the system voltage Vsys. with reference 
to a not-shown current instruction value map for the drive motor control recorded in the recording device. 
[01S0] Furthermore, the drive motor control processing means reads the electric currents IMU, IMV from the electric 
current sensors 68 (FIG. 6), 69. From the currents IMU, IMV, the means computes a current IMW- 



40 



45 



50 



IMW = IMU - IMV 



S3 til I CUrrSnt ' M W may 8,80 be detected b V an electric "Jn-ent sensor, as is the case with the currents IMU IMV 
[01 62] Subsequently, the drive motor control processing means performs 3-phase/2-phase conversion of converting 
the currents IMU, IMV, IMW into a d-axis current IMd and a q-axis current IMq. From the d-axis current IMd, the q-axis 
current IMq, the d-axis current instruction value IMd* andthe q-axis current instruction value IMq*, the means computes 
voltage instruction values VMd*. VMq*. Then, the drive motor control processing means performs 2-phase/3-phase 
^ converting the voltage Instruction values VMd*, VMq* into voltage instruction values VMU* VMV* 
en o?* m -£ e V0, L a9e instruction values VMU *. VM v *. VMW*. the means computes pulse width modulation signals 
SU, SV, SW. Then, the means outputs the pulse width modulation signals SU, SV, SW to a drive processing means of 
the drive motor control processing means. The drive processing means performs a drive process, and sends a drive 
signal SG2 to the inverter 29 based on the pulse width modulation signals SU, SV, SW 

[0163] Next, the flowchart will be described. Since the same process is performed in step S7^1 and step S27 step 



12 



EP 1 281 562 A2 



S7-4 will be described herein. 

[0164] Step S7-4-1 : The target drive motor torque TM* is read. 
[01 65] Step S7-4-2: The drive motor rotor position 6M is read. 
[0166] Step S7-4-3: The drive motor rotation speed NM is computed. 
5 [01 67] Step S7-4-4: The system voltage Vsys is read. 

[0168] Step S7-4-5: The d-axis current instruction value IMd* and the q-axis current instruction value IMq* are de- 
termined. 

[01 69] Step S7 T 4-6: The currents IMU, IMV are read. 
[0170] Step S7-4-7: The 3-phase/2-phase conversion is performed. 
10 [0171] Step S7-4-8: The voltage instruction values VMd*, VM* are computed. 
[0172] Step S7-4-9: The 2-phase/3-phase conversion is performed. 

[0173] Step S7-4-10: The pulse width modulation signals SU, SV, SW are output. Then, the process returns. 
[0174] Next described will be a sub-routine of the generator torque control process of step S7-5 in FIG. 15. 
[0175] FIG. 1 7 is a chart illustrating the sub-routine of the generator torque control process in the first embodiment 
15 of the invention. 

[0176] First, the generator torque control processing means reads the target generator torque TG*, and reads the 
generator rotor position 6G. From the generator rotor position 6G, the means computes a generator rotation speed 
NG. Subsequently, the means reads the system voltage Vsys. Next, the generator torque control processing means 
determines a d-axis current instruction value IGd* and a q-axis current instruction value IGq* based on the target 
20 generator torque TG*, the generator rotation speed NG and the system voltage Vsys, with reference to a not-shown 
current instruction value map for generator control recorded in the recording device. 

[0177] Furthermore, the generator torque control processing means reads the currents IGU, IGV from the electric 
current sensors 66 (FIG. 6), 67. From the currents IGU, IGV, the means computes a current IGW: 



25 



IGW = IGU - IGV 



[0178] The current IGW may also be detected by an electric current sensor as in the case of the currents IGU, IGV. 
[0179] Subsequently, the generator torque control processing means performs 3-phase/2-phase conversion of con- 

30 verting the currents IGU, IGV, IGW into a d-axis current IGd and a q-axis current IGq. From the d-axis current IGd, the 
q-axis current IGq, the d-axis current instruction value IGd* and the q-axis current instruction value IGq*, the means 
computes voltage instruction values VGd*, VGq*. Then, the drive motor control processing means performs 2-phase/ 
3-phase conversion of converting the voltage Instruction values VGd*, VGq* into voltage Instruction values VGU*, 
VGV*, VGW*. From the voltage instruction values VGU*, VGV*. VGW*, the means computes pulse width modulation 

35 signals SU, SV, SW. Then, the means outputs the pulse width modulation signals SU, SV, SW to a drive processing 
means of the generator torque control processing means. The drive processing means performs a drive process, and 
sends a drive signal SG1 to the inverter 26 based on the pulse width modulation signals SU, SV, SW. 
[0180] Next, the flowchart will be described. 
[0181] Step S7-5-1 : The target generator torque TG* is read. 

40 [0182] Step S7-5-2: The generator rotor position 6G is read. 

[0183] Step S7-5-3: The generator rotation speed NG is computed. 
[0184] Step S7-5-4: The system voltage Vsys is read. 

[0185] Step S7-5-5: The d-axis current instruction value IGd* and the q-axis current instruction value IGq* are de- 
termined. 

45 [01 86] Step S7-5-6: The currents IGU , IGV are read. 

[0187] Step S7-5-7: The 3-phase/2-phase conversion is performed. 

[0188] Step S7-5-8: The voltage instruction values VGd*, VGq* are computed. 

[0189] Step S7-5-9: The 2-phase/3-phase conversion is performed. 

[0190] Step S7-5-10: The pulse width modulation signals SU, SV, SW are output. Then, the process returns. 
50 [0191] Next described will be a sub-routine of the engine startup control process of step S15 in FIG. 8. 

[0192] FIG. 1 8 is a chart illustrating the sub-routine of the engine startup control process in the first embodiment of 
the invention. 

[0193] First, the engine startup control processing means reads the degree of throttle opening 6. tf the degree of 
throttle opening 6 is 0 [%], the means reads the vehicle speed V, and reads the operation point of the engine 1 1 (FIG. 
55 2) determined in the target engine operation state setting process. The vehicle speed V is computed based on the 
drive motor rotor position 6M as mentioned above. 

[0194] Subsequently, the engine startup control processing means reads the drive motor rotor position 8M. The 
means computes a ring gear rotation speed NR based on the drive motor rotor position 6M and the gear ratio 7R, and 
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^S et engine t ~tetlon speed NE* at the aforementioned operation point. The engine startup control process- 
ES™Z t T PUteS anddetermines at «^ aerator rotationspeedNG.basedonthe ring gL rotation speed 
ml« ~ 9St en9 ' ne r0tati0n speed NE * b * usin 9 the Nation s P e ed relational expression. 
[0195] Then, the engine startup control processing means compares the engine rotation speed NE with a ore-set 

s^nSm 0 ; NEth1 ' determ ' neS Wh6therthe 6ng,ne ratatlon spe " ' NE te h| gn^than thesSu S 

processing means performs fuel injection and ignition in the engine 11 

ml!2 S " bsequentl * the generator rotation speed control processing means of the engine startup control processing 

Z inZl T* 3 9en f at ° r r0tati ° n Sf>eed C ° ntrol proCess based on the tar g et orator rotation speed NO, so as 

mio^ ^ generator rotation s P eed NG a "d therefore increase the engine rotation speed NE 

[0197] Then, the engine startup control processing means estimates a drive shaft torque TR/OUT, and determines 

rn^I, m0t ° r t0rqUe ™*' and Perf0rms 0,9 drive motor control P^ess, as in steps S25 to S27 ^^'^ 

[0198] Furthermore, the engine startup control processing means adjusts the degree of throttle opening e so that 
the engine rotahon speed NE reaches the target engine rotation speed NE*. Next, in order to detente whetherVhe 
TsTJl'f n r aMy *T n ' ^ en9ine ^ COn,r0 ' pr0CeSSi "9 means dete - ines Aether CneS 

^ SS Wthtne g enerator torque TG remaining smallerthan the motoring torque TEth. 
£«lS?^I!^f en9,ne ^t' 0 " s Peed NE is less than or oqual to the startup rotation speed ISlEthl . tho generator rotation 
mtSl sd 2h P ^!T^ means P erforms *• generator nation speed control process based on thl target generator 
S5? andd^I Subsea " an "V. *e engine startup contro. processing means estimates a drive shaft torque TR/ 
OUT, and determmes a target drive motor torque TM*, and performs the drive motor control process as in steps S25 

[0200] Next, the flowchart will be described. 

eTo 1 !=/l St tS n™' 1 iS detemii 4 ned whatherthe de gree of throttle openlngeis0[%]. If the degreeof throttle opening 
to step S15 2 P P S1 5 " 3 " W thS de9ree ° f thrDtt,e ° p6nin9 9 is not 0 f % J- *» P^ess proceeds 

K! J!n SSI'' deg - ree ° f throttle ° peninS 9 fe Set t0 0 1 % ] Then, the process returns to Step S15-1 . 
[0203] Step S15-3: The vehicle speed Vis read. 

[0204] Step S1 5-4: The operation point of the engine 11 is read. 

[0205] Step S1 5-5: The target generator rotation speed NG* is determined 

SSS .f 2?-S" : " fe determine d whetherthe engine rotation speed NE is higher than the startup rotation speed 
S1 5 1 1 if £ JST f r SPe6d NE fe hi9her StartUp rotation speed NEth1 • tha Process proceeds to step 

?tep"si5 7 9 SPeed NE ' S n0t h, 9 herthan the startu P station speed NEthl the process proceeds to 

[0207] Step S1 5-7: The generator rotation speed control process is pert ormed 
[0208] Step S1 5-8: The drive shaft torque TR/OUT is estimated. 
[0209] Step S1 5-9: The target drive motor torque TM* is deteimined. 

SSJi IS I* 16 , d,1Ve m ° t0r COntrol prOCesS iS Performed. Then, the process returns to Step S15-1 . 

[021 1] step S1 5-1 1 : Fuel injection and ignition are perfoimed. 

[0212] Step S15-12: The generator rotation speed control process is performed 

[0213] Step S1 5-1 3: The drive shaft torque TR/OUT is estimated. 

[0214] Step S15-14: The target drive motor torque TM* is deteimined. 

[021 5] Step S1 5-1 5: The drive motor control process is performed. 

[0216] Step S15-1 6: The degree of throttle opening 6 is adjusted. 

EilSL-^ 815 " 1 iS determined wnetner the generator torque TG is smaller than the motoring torque TEth If 
the genera ortorque TG IS smallerthan the motoring torqueTEth. the process proceeds to step S15-1 8 If the qeneato 
™?o eTG ' S n0t Sma " er ,han the motorin 9 torqueTEth. the process returns to Step S15-11 "the generator 

hSS M t6P ! 15 " 1 8: 71,6 6lapSe ° f a Predetermined time is awaited. At the elapse, the process returns 

S% ^TnTsTli in% a ,G U l'r ,ne "** ^ ~" * ° f St6p S23 » ^ 9 " 

[0220] FIG 1 9 is a chart illustrating the sub-routine of the generator rotation speed control process in the first em- 
of SefnlmLn 6 TT^lt 1° * * * fln " n 3 prater torque resection map !n toetr£ embodiment 

8X18 ' ndfcateS *• V ° ttage and "» - the 

RrSt ' 9enerator rota «on speed control processing means reads the target generator rotation speed NG* 

t^nZ'T T '°? N& ^ ^ 0**°™ 3 Pl cMnl based on a d^erential rotation^ speed ANG 

between the generator rotatoon speed NG and the target generator rotation speed NG*, and computes a tarqet oen 
erator torque TG*. If the differential rotation speed ANG is greater, the target generator torque TG-ttncrlS 4h 
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the positive-negative sign being considered. 

[0222] Subsequently, the generator torque restriction processing means of the generator rotation speed control 
processing means performs a generator torque restriction process, in which the system voltage Vsys is read, and the 
generator torque TG is restricted corresponding to the system voltage Vsys. Therefore, the generator torque restriction 

5 processing means computes the maximum generator torque TGmax of the generator torque TG corresponding to the 
system voltage Vsys with reference to the generator torque restriction map of FIG. 20 recorded in the recording device 
in the vehicle control device 51 (FIG. 6). Then, the means restricts the generator torque TG based on the maximum 
generator torque TGmax. In the generator torque restriction map, the maximum generator torque TGmax assumes a 
predetermined value TG1 if the system voltage Vsys is less than or equal to a predetermined threshold value Vsysl . 

10 if the system voltage Vsys is higher than the threshold value Vsysl , the maximum generator torque TGmax is reduced 
with increases in the system voltage Vsys. Therefore, if the generator 16 is driven at the maximum generator torque 
TGmax, the target generator torque TG* is reduced as the maximum generator torque TGmax decreases. The gen- 
erator torque restriction processing means determines the restricted generator torque TG as a target generator torque 
TG*. 

15 [0223] Subsequently, the generator torque control processing means of the generator rotation speed control process- 
ing means performs the generator torque control process illustrated in FIG. 17, thereby performing the torque control 
of the generator 16. 

[0224] Thus, if the system voltage Vsys becomes higher than the threshold value, the generator torque TG is re- 
stricted. Therefore, increases in the load applied to the inverter 28 can be prevented. Furthermore, with regard to the 
20 driving of the inverter 28, if the switching of a transistor of the inverter 28 is performed, and therefore, a surge voltage 
which is a transient voltage transiently occurs so that the system voltage Vsys becomes high, the load applied to the 
inverter 28 does not increase. 

[0225] Next, the flowchart will be described. Since the same process is performed in Steps S1 5-7, S1 5-1 2 and S23, 

Step S15-7 will be described. 
25 [0226] Step S1 5-7-1 : The target generator rotation speed NG* is read. 

[0227] Step S1 5-7-2: The generator rotation speed NG is read. 

[0228] Step S1 5-7-3: The target generator torque TG* is computed. 

[0229] Step S1 5-7-4: The system voltage Vsys is read. 

[0230] Step S1 5-7-5: The target generator torque TG* is determined. 
30 [0231] Step S1 5-7-6: The generator torque control process is performed. Then, the process returns. 

[0232] Next described will be a sub-routine of the engine stop control process of step S1 6 in FIG. 8. 

[0233] FIG. 21 is a chart illustrating the sub-routine of the engine stop control process in the first embodiment of the 

invention. 

[0234] First, the engine stop control processing means determines whether the generator brake B has been released 
35 (FIG. 6). If the generator brake B is not released, but is engaged, the generator brake release control processing means 
of the engine stop control processing means performs the generator brake release control process to release the 
generator brake B. 

[0235] If the generator brake B is released, the engine stop control processing means stops fuel injection and ignition 
in the engine 11 , and sets the degree of throttle opening 0 to 0 [%]. 

40 [0236] Subsequently, the engine stop control processing means reads the ring gear rotation speed NR, and deter- 
mines a target generator rotation speed NG* based on the ring gear rotation speed NR and the target engine rotation 
speed NE* (0 [rpm]), by using the rotation speed relational expression. After the generator rotation speed control 
process illustrated in FIG. 19, the engine stop control processing means estimates a drive shaft torque TR/OUT, and 
determines a target drive motor torque TM* f and performs the drive motor control process, as in steps S25 to S27. 

^5 [0237] Next, the engine stop control processing means determines whether the engine rotation speed NE is less 
than or equal to a stop rotation speed NEth2. If the engine rotation speed NE is less than or equal to the stop rotation 
speed NEth2, the switching for the generator 16 is stopped to shut down the generator 16. 
[0238] Next, the flowchart will be described. 

[0239] Step S16-1 : It is determined whether the generator brake B has been released. If the generator brake B is 
so released, the process proceeds to step S16-3. If the generator brake B is not released, the process proceeds to step 
S16-2. 

[0240] Step S1 6-2: The generator brake release control process is performed. 
[0241] Step S16-3: Fuel injection and ignition are stopped. 
[0242] Step S1 6-4: The degree of throttle opening 6 is set to 0 [%]. 
55 [0243] Step S1 6-5: The target generator rotation speed NG* is determined. 

[0244] Step S1 6-6: The generator rotation speed control process is performed. 
[0245] Step S1 6-7: The drive shaft torque TR/OUT is estimated. 
[0246] Step S1 6-8: The target drive motor torque TM* is determined. 
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[0247] Step S1 6-9: The drive motor control process is performed. 

m IS* ° : " fe detemiined the en g iri e rotation speed NE is less than or equal to the stop rotation 

2S2e£ S stiL » B T?i rt- ^ ^ NE iS ,6SS thSn ° r eqUal 10 the St ° P TOtati0n Speed NEth2 ' Process 
rl^ft . LV* f thS eng ' ne rotatlon speed NE is 9 reater 013,1 106 st °P rotation speed NEth2, the process 

[0249] Step S1 6-1 1 : The switching for the generator 1 6 is stopped. Then , the process returns 
£2?! 2? J?***!? W '" bS 3 sub - routine of the generator brake engagement control process of step S22 in FIG. 9. 
ESTi ?' ? i" 8 11 il,UStra,in9 the sub-routine of the generator brake engagement control process in the first 
embodiment of the invention. 

[0252) First, the generator brake engagement control processing means switches a generator brake request for 
requesting engagement of the generator brake B (FIG. 6) from an off-status to an on-status, and sets 0 [mm] as a 
target generator rotation speed NG*. and performs the generator rotation speed control process illustrated in FIG 19 
tornnl tr/o, nTf? * S27, generat °r brake engagement control processing means estimates a drive shaft 
2 ! ^ determines a target drive motor torque TM*, and performs the drive motor control process 
[0253] Next, the generator brake engagement control processing means determines whether the absolute value of 
the generator rotation speed NG is smaller than a predetermined second rotation speed Nth2 (e.g., 100 [mm]) If the 

T tim ap " d NG ' S Sma " er than the Second rotat,on s P eed Nth2 - *• nJE switches 
1„™ * , a " ° ff " State t0 a " ° n - State ' thereby en9a 9 ina me brake - Subsequently, the generator brake 
tTrnnf^r a C °H L PrOCe ?f ' n 5 meanS estimaies a drive shaft to rque TR/OUT, and determines a target drive motor 
torque TM*, and performs the drive motor control process, as in steps S25 to S27 

b^teln^™?!! t ? n 7 inedtime 6lapSeS With the 9enerator brake B remaining in an engaged state, the generator 

™«l r^SST n ? m9 mSanS St ° PS the SWitChing f ° r the generator 1 6 to shut down the g^tor 1 6. 

[0255] Next, the flowchart will be described. 

[0256] Step S22-1: The target generator rotation speed NG* is set at 0[rpm]. 
[0257] Step S22-2: The generator rotation speed control process is performed 
[0258] Step S22-3: The drive shaft torque TR/OUT is estimated. 
[0259] Step S22-4: The target drive motor torque TM* is detemiined. 
[0260] Step S22-5: The drive motor control process is performed. 

[0261] Step S22-6: It is determined whether the absolute value of the generator rotation speed NG is smaller than 

2!2£S£5S , !r d Nth2 ' ' f theabSOlUte va,ue of the generator rotation speed NG is smaller than The second 

T^r^ l ' ! Pr0 ° eSS PTOCeedS t0 Step S22 " 7 - " ^s 0 ™* va,ue of the generator rotation speed NG is not 

smaller than the second rotation speed Nth2, the process returns to step S22-2 

[0262] Step S22-7: The generator brake B is engaged. 

[0263] Step S22-8: The drive shaft torque TR/OUT is estimated. 

[0264] Step S22-9: The target drive motor torque TM* is determined. 

[0265] Step S22-1 0: The drive motor control process is performed. 

fhf !!L SteP S22 "l 1 ? iS determined w hetherthe predetermined time has elapsed. If the predetermined has elapsed 

Pr ° CeedS t0 St6P S22 " 12 - " time has not e,a P sed - the P^ 3 ^ums to step S22-7 
J™] P S22 " 12: 1110 s w»ching forthe generator 16 is stopped. Then, the process returns 

Wil !„ be 3 sub - routine of *e generator brake release control process of step S24 in FIG. 9. 
SSL 3iS lntTntt *~ °' "» 8 " n " Dr ^ C ° ntr0 ' process the «** em- 

E J^*! 9 ^!f rat ° r bfake B (F ' G - 8) ' S enga96d in the generatorbrake release control process, a predeter- 
mined engine torque TE acts on the mtor21 of the generator 1 6. Therefore, if the generator brake B is simply released 

c£nT^ 

EVhe ^E^hS?^ d f? 46, thS engine torque TE t^neferred to the rotor 21 is estimated or com- 
S Ir.!„! t i T C ° ntrol P^^'ng means reads a torque corresponding to the estimated or com- 

Sm^ f V TE> that 181 thS en9ine torque^orresponding amount, and sets the engine torque-corresponding 
SZlfnL T f nerat ° r t0rqUe *' Subsequently, the generator brake release control processing means per 
d J^ni 1 1 ^°- q ^ COntrDl ProC6SS iMUStrated in F,G " 1 7 ' and •■*»«*• a d rSve shaft torque TR/OUT. and 
tSSTZ V a T f m0t ° r t0rqUe ™*" and perf0nns 0,8 dnve ^r control process as in steps S25 to S27 

P redeteTOinedtimefollow ^g *e start of me generator torque control pro^ 
brake release control process.ng means switches the generator brake B from the on-state to the offitate thereby 

2:1!?^^^^^^^ speed NG * at 0 ft*"! *e means performs tie geneS 

rotafion speed control process illustrated in FIG. 19. Subsequent^, the generator brake release control processina 
SSSfT" adriVeShaft torqueTR/OUT, and detemnines a target drrve motor torou^ 

motor control process as in steps S25 to S27. The aforementioned engine torque^orresponding amount is estimated 
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or computed by learning the torque ratio of the generator torque TG to the engine torque TE. 
[0273] Next, the flowchart will be described. 

[0274] Step S24-1 : The engine torque-corresponding amount is set as a target generator torque TG*. 
[0275] Step S24-2: The generator torque control process is performed. 
s [0276] Step S24-3: The drive shaft torque TR/OUT is estimated. 

[0277] Step S24-4: The target drive motor torque TM* is determined. 
[0278] Step S24-5: The drive motor control process is performed. 

[0279] Step S24-6: It is determined whether the predetermined time has elapsed. If the predetermined time has 
elapsed, the process proceeds to step S24-7. If the time has not elapsed, the process returns Step S24-2. 

10 [0280] Step S24-7: The generator brake B is released. 

[0281] Step S24-8: The target generator rotation speed NG* is set at 0 [rpm]. 
[0282] Step S24-9: The generator rotation speed control process is performed. 
[0283] Step S24-1 0: The drive shaft torque TR/OUT is estimated. 
[0284] Step S24-11 : The target drive motor torque TM* is determined. 

is [0285] Step S24-12: The drive motor control process is performed. Then, the process returns. 

[0286] If any one of the battery voltage sensor 72, the generator inverter sensor 75 and the drive motor inverter 
sensor 76 has a detection abnormality due to a broken wire, a short circuit or the like, it becomes impossible to normally 
detect the battery voltage VB, the generator inverter voltage VG or the drive motor inverter voltage VM, and therefore 
it becomes impossible to smoothly perform various drive controls such as the torque control of the generator 16, the 

20 rotation speed control of the generator 1 6, the torque control of the drive motor 25, etc. 

[0287] Below described will be a second embodiment of the invention that is designed so that various drive control 
can be smoothly performed even if a broken wire or a short circuit occurs in any one of the battery voltage sensor 72, 
the generator inverter sensor 75 and the drive motor inverter sensor 76. 

[0288] FIG. 24 is a chart illustrating a sub-routine of a system voltage determination process in the second embod- 
25 iment of the invention. 

[0289] First, the system voltage determination processing means 91 (FIG. 1) reads the battery voltage VB, which is 
a result of detection by the battery voltage sensor 72 as a third voltage detection means, and reads, via the generator 
control device 47 (FIG. 6), the generator inverter voltage VG, which is a result of detection by the generator inverter 
sensor 75 as a first voltage detection means, and reads, via the drive motor control device 49, the drive motor inverter 

30 voltage VM, which is a result of detection by the drive motor inverter sensor 76 as a second voltage detection means. 
Next, a not-shown detection abnormality determination processing means of the system voltage determination process- 
ing means 91 performs a detection abnormality determination process, in which abnormality determination regarding 
the battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage VM is performed based 
on the battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage VM. That is, the 

35 detection abnormality determi nation processing means determines whether first to third judgment conditions are met, 
based on whether the battery voltage VB is higher than a threshold value Vth1 1 , and whether the generator inverter 
voltage VG is higher than the threshold value Vth11 , and whether the drive motor inverter voltage VM is less than or 
equal to a threshold value Vth 12. If the first to third judgment conditions are met, the detection abnormality determination 
processing means determines that the drive motor inverter sensor 76 has a broken wire. 

40 [0290] If at least one of the first to third judgment conditions is unmet, that is, if the battery voltage VB is less than 
or equal to the threshold value or the generator inverter voltage VG is less than or equal to than the threshold value 
Vth11 or the drive motor inverter voltage VM is higher than the threshold value Vth12, the detection abnormality de- 
termination processing means determines whether fourth to sixth judgment conditions are met, based on whether the 
battery voltage VB is less than or equal to the threshold value Vth1 2, and whether the generator inverter voltage VG 

45 is less than or equal to the threshold value Vth12, and whether the drive motor inverter voltage VM is higher than the 
threshold value Vth11. If the fourth to sixth judgment conditions are met, the detection abnormality determination 
processing means determines that the drive motor inverter sensor 76 has a short circuit. If at least one of the fourth to 
sixth judgment conditions is unmet, that is, if the battery voltage VB is higher than the threshold value Vth12 or the 
generator inverter voltage VG is higher than the threshold value Vth1 2 or the drive motor inverter voltage VM is less 

50 than or equal to the threshold value Vth1 1 , the detection abnormality determination processing means determines that 
the battery voltage sensor 72, the generator inverter sensor 75 and the drive motor inverter sensor 76 are normal. 
Although in this embodiment, the threshold value Vth12 is set lower than the threshold value Vth11, the threshold 
values Vth 11 and Vth 12 may be equal to each other. 

[0291] Then, if it is determined that the drive motor inverter sensor 76 has a broken wire, or if it is determined that 
55 the drive motor inverter sensor 76 has a short circuit, the system voltage determination processing means 91 sets the 
battery voltage VB or the generator inverter voltage VG as a system voltage Vsys. If it is determined that the battery 
voltage sensor 72, the generator inverter sensor 75 and the drive motor inverter sensor 76 are all normal, the system 
voltage determination processing means 91 sets the battery voltage VB : the generator inverter voltage VG or the drive 
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motor inverter voltage VM as a system voltage Vsys. 

[0292] In this embodiment, in order to determine whether the drive motor inverter sensor 76 has a broken wire or 
has a short circuit, It is determined whether the battery voltage VB is higher than the threshold value Vth1 1 , and whether 
the generator inverter voltage VG is higher than the threshold value Vth1 1 , and whether the drive motor inverter voltage 

s VM is less than or equal to the threshold value Vth1 2, and It is also determined whether the battery voitage VB is less 
than or equal to the threshold value Vth12, and whether the generator inverter voltage VG is less than or equal to the 
threshold value Vth12, and whether the drive motor inverter voltage VM is higher than the threshold value Vth11 . It is 
also possible to determine whether the battery voltage sensor 72 and the generator inverter sensor 75 have a broken 
wire or a short circuit in a similar manner. 

10 [0293] For example, for the determination as to whether the battery voltage sensor 72 has a broken line or a short 
circuit, it is determined whether the generator inverter voltage VG is higher than the threshold vaiue Vth11, and the 
drive motor inverter voltage VM is higher than the threshold value Vth11 , and whether the battery voltage VB is less 
than or equal to Vth12, and it is also determined whether the drive motor inverter voltage VM is less than or equal to 
the threshold vaiue Vth1 2, and whether the generator inverter voltage VG is less than or equal to the threshold value 

*5 Vth12, and the battery voltage VB is higher than the threshold value Vth11 . For the determination as to whether the 
generator inverter sensor 75 has a broken line or a short circuit, it is determined whether the battery voltage VB is 
higher than the threshold value Vthll , and whether the drive motor inverter voltage VM is higher than the threshold 
value Vth11 , and whether the generator inverter voltage VG is less than or equal to the threshold value Vth12, and it 
is determined whether the battery voltage VB is less than or equal to the threshold value Vth12, and whether the drive 

20 motor inverter voltage VM is less than or equal to the threshold value Vth1 2, and whether the generator inverter voltage 
VG is higher than the threshold value Vth11 . 

[0294] Thus, it is possible to determines whether any one of the battery voltage sensor 72, the generator inverter 
sensor 75 and the drive motor Inverter sensor 76 has a detection abnormality due to a broken wire or a short circuit 
based on the battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage VM, that is, 

25 based on a result of comparison of two of the battery voltage VB, the generator inverter voltage VG and the drive motor 
inverter voltage VM with a threshold value, and a result of comparison of the other one of them with a threshold. 
Therefore, it is possible to determine a system voltage Vsys based on voltages of the battery voltage VB, the generator 
inverter voltage VG and the drive motor inverter voltage VM that do not have a detection abnormality. Hence, it is 
possible to smoothly perform various drive controls, such as the torque control of the generator 1 6, the rotation speed 

30 control of the generator 1 6, the torque control of the drive motor 25, etc. 
[0295] Next, the flowchart will be described. 

[0296] Step S1 -11 : The battery voltage VB, the generator inverter voltage VG and the drive motor inverter voltage 
VM are read. 

[0297] Step S1-12: It is determined whether the battery voltage VB is higher than the threshold value Vth11 , and the 
generator inverter voltage VG is higher than the threshold value Vth11 , and the drive motor inverter voltage VM is less 
than or equal to the threshold value Vth12. If the battery voltage VB is higher than the threshold value Vth11 and the 
generator inverter voltage VG is higher than the threshold value Vth1 1 and the drive motor inverter voltage VM is less 
than or equal to the threshold vaiue Vth12, the process proceeds to step S13, if the battery voltage VB is less than or 
equal to than the threshold value Vth1 1 , or if the generator inverter voltage VG is less than or equal to than the threshold 
40 value Vth1 1 , or if the drive motor inverter voltage VM is higher than the threshold value Vth12, the process proceeds 
to step S15. 

[0298] Step S1 -1 5: It is determined whether the battery voltage VB is less than or equal to the threshold value Vth1 2, 
and the generator inverter voltage VG is less than or equal to the threshold value Vth12, and the drive motor inverter 
voltage VM is higher than the Vth11 . If the battery voltage VB is less than or equal to the threshold value Vth12 and 

45 the battery voltage VB is less than or equal to the threshold value Vth12 and the drive motor inverter voltage VM Is 
higher than the threshold value Vth1 1 , the process proceeds to step S1 -1 6. If the battery voltage VB is higher than the 
threshold value Vth12, or if the generator inverter voltage VG is higher than the threshold value Vth12, or if the drive 
motor inverter voltage VM is less than or equal to the threshold value Vth11 , the process proceeds to step S1 -1 8. 
[0299] Step S1 -1 6: It is determined that the drive motor inverter sensor 76 has a short circuit. 

so [0300] Step S 1 -1 7 The battery voltage VB or the generator inverter voltage VG is set as a system voltage Vsys. After 
that, the process ends. 

[0301] Step S1 -1 8 The battery voltage VB, the generator inverter voltage VG or the drive motor inverter voltage VM 
is set as a system voltage Vsys. After that, the process ends. 

[0302] Although in this embodiment, the generator torque TG is restricted if the system voltage Vsys is high, It is 
55 also possble to restrict the drive motor torque TM in that case. 

[0303] The invention is not limited to the foregoing embodiments, but may be modified in various manners based on 

the sprit of the invention. Such modifications are not excluded from the scope of the invention. 

[0304] As described in detail above, according to the invention, the hybrid type vehicle drive control apparatus in- 
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eludes: an electric generator that generates an electric power by driving an engine; an electric generator inverter for 
driving the electric generator; a drive motor that drives a hybrid type vehicle; a drive motor inverter for driving the drive 
motor; a battery connected to the electric generator inverter and the drive motor inverter; first voltage detection means 
for detecting a voltage applied to the electric generator inverter; second voltage detection means for detecting a voltage 
s applied to the drive motor inverter; third voltage detection means for detecting a battery voltage; and system voltage 
determination processing means for determining a system voltage based on detection results provided by the first to 
third voltage detection means. 

[0305] In this apparatus, if any one of the voltage information pieces from any one of the first to third voltage detection 
means has a detection abnormality, it is possible to determine the system voltage based on the detection results 
10 provided by the first to third voltage detection means. Therefore, the apparatus is able to smoothly perform various 
drive controls such as the torque control of the electric generator, the rotation speed control of the generator, the torque 
control of the drive motor, etc. 

[0306] In another hybrid type vehicle drive control apparatus in accordance with the invention, the system voltage 
determination processing means determines the system voltage based on a difference between detection results pro- 
15 vided by two voltage detection means of the first to third voltage detection means. 

[0307] In this apparatus, on the basis of the difference between the detection results provided by two voltage detection 
means of the first to third voltage detection means, it is possible to that the detection result provided by the other one 
of the first to third voltage detection means is abnormal. 

[0308] In a still another hybrid type vehicle drive control apparatus in accordance with the invention, the system 
20 voltage determination processing means determines the system voltage based on the detection result provided by 
each of the first to third voltage detection means. 

[0309] In this apparatus, on the basis of the detection result provided by each of the first to third voltage detection 
means, it is possible to determine whether a predetermined one of the voltage detection means has a broken wire or 
a short circuit. 

25 [0310] While the invention has been described with reference to what are presently considered to be preferred em- 
bodiments thereof, it is to be understood that the invention is not limited to the disclosed embodiments or constructions. 
On the contrary, the invention is intended to cover various modifications and equivalent arrangements. In addition, 
while the various elements of the disclosed invention are shown in various combinations and configurations, which are 
exemplary, other combinations and configurations, including more, less or only a single embodiment, are also within 

30 the spirit and scope of the invention. . 
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Claims 

1. A hybrid type vehicle drive control apparatus comprising: an electric generator that generates an electric power 
by driving an engine; an electric generator inverter for driving the electric generator; a drive motor that drives a 
hybrid type vehicle; a drive motor inverter for driving the drive motor; a battery connected to the electric generator 

. inverter and the drive motor inverter; first voltage detection means for detecting a voltage applied to the electric 
generator inverter; second voltage detection means for detecting a voltage applied to the drive motor inverter; third 
voltage detection means for detecting a battery voltage; and system voltage determination processing means for 
determining a system voltage based on detection results provided by the first to third voltage detection means. 

2. The hybrid type vehicle drive control apparatus according to claim 1 , wherein the system voltage determination 
processing means determines the system voltage based on a difference between two detection results of the 
detection results provided by the first to third voltage detection means. 

3. The hybrid type vehicle drive control apparatus according to claim 1 , wherein the system voltage determination 
processing means determines the system voltage based on the detection result provided by each of the first to 
third voltage detection means. 

4. The hybrid type vehicle drive control apparatus according to claim 3, wherein the system voltage determination 
processing means determines the system voltage based on detection results provided by two of the first to third 
voltage detection means, and a detection result provided by another one of the first to third voltage detection means. 

5. The hybrid type vehicle drive control apparatus according to any of claims 1 to 4, further comprising a planetary 
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gear unit having at least first to third gear elements, wherein the first gear element is mechanically connected to 
the electric generator, and the second gear element is mechanically connected to the drive motor, and the third 
gear element is mechanically connected to the engine. 

5 6. A hybrid type vehicle drive control method of a hybrid type vehicle drive apparatus having: an electric generator 

that generates an electric power by driving an engine; an electric generator inverter for driving the electric generator; 

a drive motor that drives a hybrid type vehicle; and a drive motor inverter for driving the drive motor; and a battery 

connected to the electric generator inverter and the drive motor inverter, 

the hybrid type vehicle drive control method comprising: detecting a voltage applied to the electric generator 
10 inverter by first voltage detection means; detecting a voltage applied to the drive motor inverter by second voltage 

detection means; detecting a battery voltage by third voltage detection means; and determining a system voltage 

based on detection results provided by the first to third voltage detection means. 

7. A program of a hybrid type vehicle drive control method, characterized by causing a computer to function as: first 
15 voltage detection means for detecting a voltage applied to an electric generator inverter; second voltage detection 

means for detecting a voltage applied to a drive motor inverter; third voltage detection means for detecting a battery 
voltage; and system voltage determination processing means for determining a system voltage based on detection 
results provided by the first to third voltage detection means. 
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means. Even if the voltage information from any one of 
the voltage detection means has a detection abnormal- 
ity, the apparatus is able to determine the system volt- 
age based on the detection results provided by each 
voltage detection means. 
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